SUMMARY Transmission characteristics of tonic stretch reflex (TSR) pathways in both normal and spastic patients have been measured during different levels of sustained voluntary contraction of the biceps brachii muscle. A cross-correlation technique of analysis was used to separate reflex responses from the total electromyographic activity. TSR transmission in normal subjects was observed to change with the level of voluntary contraction; sensitivity to stretch increased approximately three-fold as the subject stiffened the arm by simultaneously contracting flexor and extensor muscles. In contrast, TSR transmission did not alter during voluntary contraction in spastic patients. It is proposed that in spastic patients supraspinal modulation of reflex transmission is impaired because hypersensitive spinal reflexes short-circuit long loop pathways.
Tonic stretch reflexes in man are known chiefly as pathological phenomena, since it is difficult to elicit stretch reflexes in normal man. The limb of a relaxed subject can be moved passively without encountering active resistance. Granit, Kellerth, and Williams (1964) have shown by intracellular recording experiments in the cat that a certain degree of background excitation on alpha and gamma motoneurones is essential for the appearance of stretch reflexes. It would appear that this is also true in man, since stretch reflexes can be activated by the Jendrassik manoeuvre, which is thought to increase bias on gamma and alpha motoneurones (Gassel and Diamantopoulos, 1964) . Merton (1953) It is known that voluntary muscle contractions are supported by alpha and gamma motoneurone coactivation, the so called c-y linkage (Granit, 1966) . It has also been shown that when a muscle is lightly contracted the tonic stretch reflex (TSR) of that muscle is activated (Neilson, 1972b) . Transmission characteristics of the voluntarily activated TSR in man are more complex than those measured in the decerebrate cat. It was suggested (Neilson, 1972b) (Neilson, 1972c) . Responses from these patients were not as complex as those measured in normal subjects. TSR transmission approximated to monosynaptic characteristics measured in the decerebrate cat (Poppele and Terzuolo, 1968; Rosenthal, McKean, Roberts, and Terzuolo, 1970 electromyogram (IEMG) from the biceps muscle has previously been described (Neilson, 1972b) . It (Neilson, 1972a Interaction between voluntary contraction and tonic stretch reflex transmissionl inverse frequency response characteristics of the filter. The IEMG signal from the biceps muscle was calibrated by adjusting the sensitivity of the IEMG amplifier to produce a 25 mm deflection of the polygraph pen above the baseline while the subject supported a 10 kg weight attached to a point on the arm frame 30 cm from the axis of elbow rotation.
During each test instructions were given to stiffen the arm very slowly by simultaneously contracting elbow flexor and extensor muscles. (Neilson, 1972b) . Joint angle and IEMG signals were digitalized by measuring the deflection above a baseline on the polygraph at a rate of either 10 or 20/sec (Fig. 3 ). jects it increased by as much as 90°at some frequencies (2-0 to 3 0 Hz). Gain vs frequency characteristics of normal subjects contained resonant peaks at each level of voluntary contraction confirming the finding reported previously (Neilson, 1972b) . The shape of the frequency response curves changed with the level of voluntary contraction, whereas the frequency response curves from spastic patients contained no peaks of resonance nor did they vary significantly with voluntary contraction (Fig. 8) .
DISCUSSION
The TSR of biceps muscle in normal subjects is activated during voluntary contraction. Activation, however, is not a simple on-offaction. TSR transmission characteristics vary with contraction in a complex manner. At any one frequency of stretch the gain of TSR transmission increases with the level of contraction but the rate of increase varies from frequency to frequency. This causes the shape of the gain vs frequency curve to alter as the muscle is voluntarily contracted. The size and location of the resonant peaks vary as the subject stiffens the arm and therefore the shape of the reflex response to a transient stretch applied to the muscle can also be expected to vary.
During a voluntary movement the higher motor centres presumably signal commands not only to control lengths and tensions of groups of muscles but also to set the gains of the reflex pathways. It is proposed that descending activity determines the sensitivity, timing, and shape of the TSR responses as well as the initiation of movement. This proposition is not without support from experiment. Synaptic transmission of the reflex connections of groups Ib, II, and III muscle afferent nerve fibres in the cat hindlimb can be inhibited by brain-stem stimulation (Holmqvist and Lundberg, 1959) and both alpha and gamma efferent nerve fibres can be influenced by vestibular activity (Andersson and Gernandt, 1956 Hagbarth, 1965; Marsden, Hodgson, 1969) but this ability patients (Hagbarth and Eklur mond (1956) observed that spi stretch reflex responses in man completely or preset by descending activity. A 7E ,x study of H-reflex excitability during voluntary contraction of gastrocnemius-soleus and anterior tibial muscles in man during foot pressure tracking allowed Gottlieb, Agarwal, and Stark (1970) to demonstrate that the agonist myotatic loop gain is turned up before movement and the antagonist circuit is turned off to prevent reflex opposiormal tion. They found evidence for the existence of a mechanism for the independent regulation of the gain of the monosynaptic reflex arc mediated centrally within the cord. The complicated shape of the frequency response curves measured in normal subjects emphasizes that the TSR signals are transmitted by neuronal circuits which are sufficiently complex to transform the shape of the response. The total JEMG response may well be composed of 
